We propose a new type of scalar wave-mixing optical solitons, Talbot solitons. The soliton consists of sinusoidal and uniform components that are mutually coherent and jointly trapped in one direction. The intensity structure of the soliton oscillates in the propagation direction as a result of the linear Talbot effect and periodic nonlinear energy exchange between the components. Talbot solitons induce a 1D waveguide and a 2D photonic lattice within the waveguide that may be used for quasi-phase matching of frequency conversion and as a tunable waveguide filter. © 2008 Optical Society of America OCIS codes: 190.6135, 190.3270, 190.4223. Stripe beams in a bulk (3D) self-focusing nonlinear media suffer from transverse instability (TI), perturbations along the transverse uniform dimension of the beam, x, grow along the propagation, and the beam eventually disintegrates into an array of 2D filaments with a characteristic length between adjacent spots, were also shown to be stable in Kerr media. The geometry of two copropagating mutually coherent waves was also employed for holographic solitons in photorefractives [5] [6] [7] . Notably, even though the two components nonlinearly interact, the intensities in all of these twowave wave-mixing solitons, as well as the power in each of their constituents, are stationary along the propagation direction. In addition, the two mutually coherent wave geometries were extended to the counterpropagating geometry [5] [6] [7] [8] [9] [10] [11] [12] . In this case, linear interference between the components leads to modulation of the total intensity. Still, the power in each component is conserved; there is no net energy exchange between the two components. Here, we extend the mutually coherent wavemixing soliton scheme to a three-wave-mixing scheme. We propose a soliton that consists of three stripe beams. Two fields propagate at ± (their superposition being a sinusoidal field), and the third field propagates at = 0. The joint propagation of the sinusoidal and uniform waves results in a spatial Talbot effect; the intensity pattern of the soliton periodically oscillates along the propagation direction. In addition, we find that the nonlinear wave mixing between the three waves leads to periodic energy exchange between them with periodicity that corresponds to half the Talbot distance. Nevertheless, the mutual trapping of the components results in a stable soliton. Finally, we discuss the potential applications of the waveguides and photonic lattices that are induced by Talbot solitons.
Stripe beams in a bulk (3D) self-focusing nonlinear media suffer from transverse instability (TI), perturbations along the transverse uniform dimension of the beam, x, grow along the propagation, and the beam eventually disintegrates into an array of 2D filaments with a characteristic length between adjacent spots, l TI [1] . This TI is especially severe in the case of a Kerr nonlinearity, prohibiting uniform stripe-shaped coherent solitons. Nonetheless, in 1985 Barthelemy et al. [2] devised a scheme to significantly suppress TI. In their method, the stripe beam is first evenly split into two stripes that are launched into the nonlinear crystal at the same position but at opposite angles, ±, relative to the propagation axis z. The beams interfere and produce a joint sinusoidal field along x. The TI is suppressed when the periodicity of the interference pattern is much smaller than l TI of the nonsplit beam. In this way, Barthelemy et al. [2] demonstrated the first optical spatial solitons in Kerr media. Later, partially coherent stripe solitons [3] and necklace solitons [4] were also shown to be stable in Kerr media. The geometry of two copropagating mutually coherent waves was also employed for holographic solitons in photorefractives [5] [6] [7] . Notably, even though the two components nonlinearly interact, the intensities in all of these twowave wave-mixing solitons, as well as the power in each of their constituents, are stationary along the propagation direction. In addition, the two mutually coherent wave geometries were extended to the counterpropagating geometry [5] [6] [7] [8] [9] [10] [11] [12] . In this case, linear interference between the components leads to modulation of the total intensity. Still, the power in each component is conserved; there is no net energy exchange between the two components.
Here, we extend the mutually coherent wavemixing soliton scheme to a three-wave-mixing scheme. We propose a soliton that consists of three stripe beams. Two fields propagate at ± (their superposition being a sinusoidal field), and the third field propagates at = 0. The joint propagation of the sinusoidal and uniform waves results in a spatial Talbot effect; the intensity pattern of the soliton periodically oscillates along the propagation direction. In addition, we find that the nonlinear wave mixing between the three waves leads to periodic energy exchange between them with periodicity that corresponds to half the Talbot distance. Nevertheless, the mutual trapping of the components results in a stable soliton. Finally, we discuss the potential applications of the waveguides and photonic lattices that are induced by Talbot solitons.
The intensity modulations owing to the Talbot effect, and the energy flow between the components, leads to modulations in the nonlinear induced index change along z. Often, such variations are destructive for solitons. However, if the intensity modulation length (Talbot distance) is much smaller than the diffraction and focusing lengths, then the effect of the intensity modulation is averaged to zero and solitons can exist [5] [6] [7] [8] [9] [10] [11] [12] .
The propagation of the slowly varying amplitude in nonlinear Kerr media can be described by the normalized cubic nonlinear Schrödinger equation
, where ⌿ 0 is constant. This solution, which describes a stripe beam that is uniform in x and self-localized in y, suffers from TI. Perturbations along x grow with propagation distance, and the beam eventually disintegrates into an array of 2D filaments with a characteristic length between adjacent spots, l TI [1] . To overcome this problem, Barthelemy et al. [2] replaced the uniform x dependence with a sinusoidal one, which eliminates the amplification of large wavelength perturbations that would otherwise break the uniform stripe beam. An approximate solution to the wave function of these solitons is given by
where k = sin͑͒ / 2 is the transversal wave vector. We obtain Eq. (2) by transforming the large radius necklace solitons in [4] to a Cartesian coordinate system. We note that in these solitons, the induced index grating gives rise to holographic focusing [5, 9] that increases the total self-focusing effect and is responsible for the replacement of the factor ͱ 1 / 2 in Eq. (2) by ͱ 3 / 8. Clearly, the intensity profile of the soliton is independent of z. This situation will be changed if another wave with a different wavenumber is added to the beam. We derive the set of equations that describe Talbot solitons. Let 
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The terms in the square brackets, and the right-hand terms in Eqs. (3a) and (3b), describe joint focusing and energy transfer between the components, respectively. We first analyze the energy exchange by neglecting the diffraction (second terms) and joint focusing (square brackets). Employing the conservation of energy C = 1 2 + 2 2 / 2 we get
where G = exp͕C͓1 − cos͑2␦z͔͒ / ␦͖. Equation (4) is periodic in z with periodicity that corresponds to half the Talbot distance. We tested the analytic model by simulating the propagation of the initial beam ⌿͑z =0,x͒ = 1 ͑0͒ + 2 ͑0͒cos͑kx͒ using the ͑1+1͒D NLSE [Eq. Fig. 1(c) ] is significant while the change in the amplitude of the uniform component [ Fig. 1(d) ], which is due to the energy exchange between the components, is much smaller.
We are now in a position to search for Talbot solitons. Since the energy flow between the components is small and its periodicity is much shorter than the diffraction and focusing length (ϳ1 in normalized NLSE), we neglect the right-hand-side terms in Eqs. (3a) and (3b) and obtain
We solve Eqs. (5a) and (5b) by the self-consistent method [13] . An example of such a solution with 2 ͑y =0͒ = 1 and 1 ͑y =0͒ = 0.2 is shown in Fig. 2(a) . Figure 2(b) shows the width of the two fields as a function of 1 ͑y =0͒. We verified the stability of these solitons by simulating their propagation [using Eq.
(1)] with 5% initial noise in amplitude and phase. An example of such a simulation with 2 ͑y =0͒ =1, 1 ͑y =0͒ = 0.2, and d = 0.5 is shown in Fig. 3 . The trapping of the soliton is displayed in Figs. 3(a)-3(d) . Figure  3 (e) shows the significant intensity modulation owing to the Talbot effect. Figure 3(f) shows the modulation of the amplitude of the uniform component. As shown, Eq. (4) correctly predicts the periodicity. However, it overestimates the amplitude of the oscillations because it does not take into account the reduced intensities at planes y 0. An exciting feature of Talbot solitons is that they can induce a 1D waveguide and a 2D photonic lattice within the waveguide. A possible application is utilizing Talbot solitons for enhancing the harmonic generation processes. Previous work employed solitons for enhancing second-harmonic generation by inducing a waveguide for the driving and second-harmonic beams [14] . Talbot solitons open the possibility to induce both the waveguide and the index grating structure that can be used for grating-assisted quasiphase matching of harmonic generation [15, 16] . Another direction is using Talbot solitons for a narrow bandwidth optical filter, which can be tuned in real time by varying the soliton parameters. Solitoninduced waveguide filters are tunable in real time and robust against fabrication errors, index inhomogeneities, etc. Finally, it might be possible to wrap the Talbot strip soliton around itself [4] and the obtained ring Talbot soliton that induces a 2D photonic lattice in a 2D ring waveguide.
In conclusion, we propose a new type of optical solitons, Talbot solitons, which consists of sinusoidal and uniform components that are mutually coherent and jointly trapped in one direction. Talbot solitons induce a 1D waveguide and a 2D photonic lattice within the waveguide that may be used for quasiphase matching of frequency conversion and for realtime tunable waveguide filters. 
